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© Process for producing l-threonme and L-lsolauclne. 

© L-threonine and L*isoleucine are produced by construct* 
ing a recombinant DNA containing a gene coding for both 
enzymes of homoserine dehydrogenase and homoserine 
kinase responsible for the threonine biosynthesis in a mic- 
roorganism belonging to the genus Corynebacterium or Bre- 
vibacterium, incorporating the recombinant DNA in a mic- 
roorganism belonging to the genus Corynebacterium or Bre- 
v/bacterium. culturing the microorganism in a medium, and 
recovering L-threonine or L-isoleucine accumulated in the 
culture broth. 
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TITLE OP THE INVENTION 



PROCESS FOR PRODUCING L-THREONINE AND L-ISOLEUCINE 



Background of the Invention 

As for the processes for producing L- threonine and 
L-isoleucine by fermentation using microorganisms belonging to 
the genus Conynebacterium or Brevibacterium , processes using 
mutants derived from wild-type strains of the said bacteria 
are known. As the mutant strains producing L-threonine and L- 
isoleucine, strains having an amino acid-requiring mutation 
and/or an amino acid analog-resistant mutation are known, as 
disclosed, for example, in Japanese Unexamined Published 
Patent Application No. 19087/72 or Japanese Patent Publication 
No, 32070/79, etc. Besides the processes using the mutant 
strains, processes using strains established by a recombinant 
DNA technique are known. For example , there are disclosed 
processes for producing L-threonine or L-isoleucine by 
fermentation using a strain belonging to the genus 
Corvnebacterium or Brevibacterium and carrying a recombinant 
plasmid DNA which contains a DNA fragment carrying the genetic 
information of an enzyme responsible for the threonine 
biosynthesis in Escherichia coli (Japanese Unexamined 
Published Patent Application Nos. 126789/83 and 30693/85). 

Furthermore, there is disclosed a process for 
producing L-threonine or L-isoleucine by the strains belonging 
to the genus Corvnebacterium or Brevibacterium and carrying a 
recombinant plasmid DNA which contains a gene coding for 
homoserine dehydrogenase (referrred to as HD hereinafter) of 
the genus Brevibacterium (referred to as HD gene hereinafter) 
(Japanese Unexamined Published Patent Application 
No. 12995/85). 

With the recent increase in the demand for L- 
threonine and L-isoleucine, an improvement in the processes 
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for producing these amino acids has been desired. To meet 
this problem, the present inventors have made extensive 
studies for increasing the ability of the strains of the genus 
Corynebacterium or Brevibacterium to produce L-threonine and 
5 L-isoleucine by a recombinant DNA technique. 

The present inventors have found that the ability of 
a strain of the genus Co rvnebac t e r ium or Brevibacterium to 
produce L-threonine and L-isoleucine to be biosynthesized from 
L-threonine as a precursor can be considerably improved by 
10 introducing into the strain a recombinant plasmid DNA 

containing genetic information of HD and hoinoserine kinase 
(referred to as HK hereinafter) at the same time, among the 
enzymes responsible for the* biosynthesis of L-threonine in a 
microorganism belonging to the genus Corynebacterium or 
15 Brevibacterium and have established the present invention. As 
for L-threonine-producing strains or the L-isoleucine- 
producing strains carrying a recombinant plasmid DNA 
.containing a gene originating from a strain of the genus 
Corynebacterium or Brevibacterium , a strain containing HD gene 
20 has been disclosed , as mentioned before , but there have been 
no examples of strains containing both genes, HD gene and a 
gene coding for HK (referred to as HK gene hereinafter) , and 
it has been found in the present invention for the first time 
that the recombinant DNA containing both genes can remarkably 
25 contribute to the ability to produce L-threonine and L- 
isoleucine. 

Summary of the Invention 

30 The present invention relates to a process for 

producing L-threonine or L-isoleucine , which comprises 
constructing a recombinant DNA containing a gene coding for . 
both enzymes of HD and HK responsible for the threonine 
biosynthesis in a microorganism belonging to the genus 

35 Corvnebacte r ium or Brevibacterium , incorporating the 
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recombinant DNA in a microorganism belonging to the genus 
Co r v n eb ac t e r i um or B revibacter ium , culturing the microorganism 
in a medium, and recovering L-threonine or L-isoleucine 
accumulated in the culture broth. Thus, the present invention 
5 relates to the bioindustrial field, and particularly to the 

field of producing L-threonine and L-isoleucine useful in the 
industries of medicine, food, and animal feed. 

10 Brief Description of the Drawings 

Fig. 1 shows a cleavage map of pChoml for 
restriction enzymes Sail, PstI, EcoRI and BamHI and the steps 
for constructing pChoml. The molecular size of plasmids is 
given in kilobases (Kb) . Both HD and HK genes are contained 

15 in the chromosome DNA fragment* of pChoml indicated by the 
heavy line. 

Fig. 2 shows a cleavage map of the Sail fragment of 
3.6 Kb cloned on pChoml for typical restriction enzymes. 

20 

Detailed Description of the Invention 

According to the present invention, L-threonine and 
L-isoleucine can be produced in high yield by culturing in a 
medium a microorganism belonging to the genus Corynebacterium 

25 or Brevibacterium and containing a recombinant DNA of a DNA 

fragment that contains both HD and HK genes of a microorganism 
belonging to the genus Co r vnebac te r i um or Brevibactrium , and a 
vector DNA, accumulating L-threonine or L-isoleucine in the 
culture broth, and recovering L-threonine or L-isoleucine 

30 therefrom. As for the strain of the genus Corynebacterium or 
Brevibacterium to be used as a host microorganism, all the 
microorganisms known as the coryneform glutamic acid-producing 
bacteria can be used, and preferably the following strains can 
be used: 
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Corvnebacterium qlutaraicum 


ATCC 


31833 




Corvnebacterium qlutamicum 


ATCC 


13032 




Corynebacterium acetoacidoohilum ATCC 


13870 




Corvnebacterium herculis 


ATCC 


13868 


5 


Corynebacterium lilium 


ATCC 


15990 




Brevibacterium divaricatum 


ATCC 


14020 


« 


Brevibacterium flavum 


ATCC 


14067 




Brevibacterium immarioohilium 


ATCC 


14068 




Brevibacterium lactofermentum 


ATCC 


13869 


10 


Brevibacterium thioqenitalis 


ATCC 


19240 




As the host microorganism, L-threonine- or L- 



isoleucine- non-producing strains can be used, but preferably 
L- threonine-, L-isoleucine- or L-lysine-producing strains are 
used. The L-threonine-, L-isoleucine- or L-lysine-producing 

15 strains can be constructed by deriving mutants which carry 
amino acid-requiring mutation, amino acid analog-resistant 
mutation, or a combination of these mutations (PRESCOTT AND 
DUNN'S INDUSTRIAL MICROBIOLOGY 4th ed. compiled by G. Reed, 
The AVI Publishing Company Inc. Conn. 1982, pp748 - 801, 

20 K. Nakayama) . 

In the present invention, any microorganism can be 
used as a supply source of both HD and HK genes, so long as it 
is a coryneform glutamic acid-producing microorganism having 
HD and HK activities. For example, wild- type strains 

25 belonging to the genus Co r vnebac te r i um or Brevibacterium , or 
L-lysine-, L-threonine- or L-isoleucine-producing mutant 
strains derived therefrom can be used. The chromosome DNA of 
these strains can be isolated by subjecting the cells treated 
with penicillin during the culturing to lysis with lysozyme 

30 and a surfactant, removing proteins according to the ordinary 
procedure and precipitating the DNA with ethanol as disclosed 
in Japanese Unexamined Published Patent Application 
No. 126789/83 by the present inventors. 

The vector for recombination of a DNA fragment 

35 containing both HD and HK genes from the chromosome DNA is not 
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particularly restricted, so long as it is autonomously 
replicable in a microorganism belonging to the genus 
Co r vnebac t e r i urn or Brevibacterium . For example, the plasraids 
developed by the present inventors, pCGl (Japanese Unexamined 

5 Published Patent Application No. 134500/82) , pCG2 (Japanese 
Unexamined Published Patent Application No, 35197/83), pCG4 
and pCGll (both in Japanese Unexamined Published Patent 
Application No, 183799/82) , pCE54 and pCBlOl (both in Japanese 
Unexamined Published Patent Application No, 105999/83) , pCE51 

10 (Japanese Unexamined Published Patent Application 

No. 34197/85) , pCE52 and pCE53 [both in Molecular and General 
Genetics 196 , 175 (1984)], etc. can be used. The plasmid 
vectors can be isolated and purified as CCC-DNA by subjecting 
cells to lysis with lysozyme and a surfactant, preparing the 

15 cleared lyzates, and precipitating a DNA with 

polyethyleneglycol, followed by cesium chloride-ethidium , 
bromide density-gradient centrif ugation, as disclosed by the 
present inventors, in Japanese Unexamined Published Patent 
Application Nos. 134500/82 and 186489/82. 

20 A recombinant of a DNA fragment containing both HD 

and HK genes and a vector plasmid can be produced together 
with a mixture of various recombinants according to the 
ordinary procedures [Methods in Enzymology, 68 (1979)], by 
cleaving the chromosome UNA and the vector plasmid with a 

25 restriction enzyme, followed by, if necessary, treatment of 
the cleaved terminals with a terminal transferase or DNA 
polymerase, and by ligating both- DNAs with a DNA ligase. 

A recombinant plasmid containing both HD and HK 
genes can be obtained by transforming a homoserine (or 

30 methionine and threonine) -requiring, HD-deficient mutant 

strain or a threonine-requiring and horaoserine-secreting, HK- 
deficient mutant strain, derived from a strain of the genus 
Cor vnebac te r ium or Brevibacterium according to ordinary 
mutation procedures using the said mixture of recombinants, 

35 and by selecting a homoserine or threonine-non-requiring 
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transformant. Transformation of a strain of the genus 
Corynebac te r ium or B r ev ibac ter ium can be carried out according 
to a method using protoplasts developed by the present 
inventors (Japanese Unexamined Published Patent Application 
5 Nos. 186492/82 and 186489/82, specifically refer to Examples). 
The recombinant plasmid containing both HD and HK genes is 
identified by the ability of complementing the deficiency in 
HD and HK by retransf ormation with the thus obtained 
recombinant plasmid DNA. 

10 When the chromosome DNA of a wild-type strain of the 

genus Cor vnebac te r i um or Brevibacterium is used as a supply 
source, a recombinant containing both HD and HK genes of wild 
type is obtained. The productivity of L- threonine and L- 
isoleucine can be improved by incorporating the recombinant 

15 plasmid into a strain of the genus Corvnebacterium or 

Brevibacterium . It is known that in the strains of the genus 
Corynebacterium or Brevibacterium the HD responsible for the 
biosynthesis of ..threonine undergoes feedback inhibition by 
threonine, and controls the threonine synthesis [Agricultural 

20 Biological Chemistry 38 (5), 993 (1974) ] , and thus the 

productivity of L-threonine and L-isoleucine can be further 
improved by using a recombinant plasmid containing a gene 
coding for the mutant HD relieved from inhibition by 
threonine. 

25 The recombinant plasmid containing the mutant HD 

gene can be obtained in the same manner as in the case of the 
gene of wild-type by isolating a mutant strain resistant to a 
threonine analog, e-g. a-amino-S-hydroxyvaleric acid (referred 
to as AHV hereinafter) , HD activity of which is relieved from 

30 the inhibition by threonine as described in Agricultural 

Biological Chemistry, 38 (5), 993 (1974), and by using its 
chromosome DNA as a supply source. Alternatively, the 
recombinant plasmid containing the gene coding for HD freed 
from the inhibition by threonine can be obtained by subjecting 

35 a strain of the genus Corvnebacterium or Brevibacterium 
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carrying a recombinant plasmid that contains wild-type HD gene 
to mutation treatment according to the ordinary procedure, 
whereby endowing the strain with a resistance to a threonine 
analog . 

The recombinant plasmid containing both HD and HK 
genes of wild-type or mutant-type can be introduced into a 
microorganism of the genus Corynebacterium or Brevibacterium 
by said transformation using protoplasts. Production of L- 
threonine or L-isoleucine by the strains containing the 
recombinant plasmid is carried out according to a conventional 
culturing process for producing L-threonine or L-isoleucine by 
fermentation. That is, by culturing the transformant in an 
ordinary medium containing a carbon source, a nitrogen source, 
inorganic compounds, amino acids, vitamins, etc. under aerobic 
conditions while adjusting the "temperature, pH, etc., L- 
threonine or L-isoleucine is accumulated in the medium during 
the culturing, and recovered therefrom. 

As the carbon source, carbohydrates such as glucose, 
glycerol, fructose, sucrose, maltose, mannose, starch, starch 
hydrolyzate, molasses, etc.; polyalcohols; and various organic 
acids such as pyruvic acid, fumaric acid, lactic acid, acetic 
acid, etc. can be used. Furthermore, hydrocarbons, alcohols, 
etc. can be used depending upon the assimilability of the 
microorganism to be used- Particularly, cane molasses is 
preferably used. 

As the nitrogen source, ammonia; various inorganic 
and organic ammonium salts such as ammonium chloride, ammonium 
sulfate, ammonium carbonate, ammonium acetate, etc.; urea and 
other nitrogen-containing materials as well as various 
nitrogen-containing organic materials such as peptone, NZ- 
amine, meat extract, yeast extract, corn steep liquor, casein 
hydrolyzate, fish meal or its digested product, chrysalis 
hydrolyzate, etc. can be used. 

As the inorganic materials, dipotassium hydrogen 
phosphate, potassium dihydrogen phosphate, ammonium sulfate, 
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ammonium chloride, magnesium sulfate, sodium chloride, ferrous 
sulfate, manganese sulfate, calcium carbonate, etc, can be 
used. If the vitamins, the amino acids, etc. required for the 
growth of the microorganism can be supplied to the medium from 
other medium components described above, it is not necessary 
to add them to the medium. 

Culturing is carried out under aerobic conditions, 
for example, by shaking culture or by aeration-stirring 
culture. Generally, preferable culturing temperature is 20 to 
40°C. The pH of the medium is preferably maintained around 
neutrality. Usually, by culturing for 1 to 5 days, L- 
threonine and/or L-isoleucine is accumulated in the medium. 
After the culturing, the cells are removed from the culture 
liquor, and then L-threonine and/or L-isoleucine is recovered 
from the culture liquor according to a known procedure, for 
example, by activated carbon treatment or by ion exchange 
resin treatment. 

Thus, L-threonine and/or L-isoleucine can be 
produced in high yield by using a microorganism of the genus 
Corvnebacterium or Brevibacterium containing a recombinant 
plasmid that contains both HD and HK genes of a microorganism 
belonging to the genus Co r ynebac te r i um or Brevibacterium . 

An example of the present invention is given below: 

Example 

(1) Preparation of chromosome DNA of Corynebacterium 
glutamicum ATCC 31833 and vector pCE54: 

A seed culture of Corvnebacterium glutamicum ATCC 
31833 grown in NB medium (a medium containing 20g of bouillon 
powder and 5g of yeast extract in 1£ of deionized water, and 
adjusted to pH 7.2) was inoculated into 400 ml of semi- 
synthetic medium SSM [a medium containing 20g of glucose, lOg 
of (NH4)2SC>4, 3g of urea, Ig of yeast extract, Ig of KH2PO4, 
0.4g of MQCI2-6H2O, 10 mg of FeS04-7H 2 0, 0.2 mg of MnS0 4 *4- 
6H 2 0, 0.9 mg of ZnS0 4 -7H 2 0, 0.4 mg of CUSO4-5H2O, 0.09 mg of 
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Na 2 B 4 O7-10H 2 O, 0.04 mg of (NH4) 6M07O24 -4^0, 30 vg of biotin 
and 1 mg of thiamine hydrochloride in 11 of water, and 
adjusted to pH 7.2] and was subjected to shaking culture at 
30°C. The optical density at 660 nm (OD) was determined with 

5 Tokyo Koden colorimeter , and when OD reached 0.2, penicillin G 
was added to a final concentration of 0.5 unit/m£. Culturing 
was continued until OD reached 0.6. 

Then, the cells were collected from the culture 
broth and washed with TES buffer solution [0.03M 

L0 Tris(hydroxymethyl) amino-me thane (referred to as Tris 
hereinafter) -HC1, 0.005M EDTA (disodium 

ethylenediaminetetraacetate) / and 0.05M NaCI, pH 8.0]. The 
washed cells were suspended in 10 mil of a lysozyme solution 
(25% sucrose, 0.1M NaCl r 0.05M Tris, and 0.8 mg/mJt lysozyme, 

L5 pH 8.0; the same solution is used hereinafter as lysozyme 
solution), and subjected to reaction at 37°C for 4 hours. 
High molecular chromosome DNA was isolated from the collected 
cells according to the method of Saito, et al. [Saito, H. et 
al. ; Biochim. Biophys. Acta, 72 , 619 (1963)]. 

10 pCE54 (Japanese Unexamined Published Patent 

Application No. 105999/83) used as the vector is a plasraid 
prepared by linking plasmid pCG2 of Co rynebac ter i urn glutamicum 
(Japanese Unexamined Published Patent Application No. 35197/83 
field by the present inventors) with plasmid pGA22 of 

25 Escherichia coli [J. Bacteriol. 140, 400 (1979)]. More 

particularly, it is prepared by linking pCG2 with pGA22 by 
integration at their single Pstl. cleavage sites (see Fig. 1) . 
pCE54 was isolated from the cultured cells of Corynebacterium 
glutamicum ATCC 39019 (a strain having a lysozyme-sensitive 

JO mutation and derived from Corvnebac te r i um glutamicum ATCC 
31833) carrying pCE54 in the following manner. 

The cells were grown till OD reached about 0.7 by 
shaking culture at 30°C in 400 ml of NB medium and were 
collected. After washing with TES buffer solution, the cells 

*5 were suspended in 10 ml of a lysozyme solution and subjected 



0204326 



to reaction at 37°C for 2 hours. Then, 2.4 mi of 5M NaCl, 
0.6 mi of 0.5M EDTA (pH 8.5), and 4.4 mi of a solution 
containing 4% sodium laurylsulf ate and 0.7M NaCl were 
successively added to the reaction solution, and the thus 
obtained mixture was gently mixed and placed on ice water for 
15 hours. The lysate was transferred into a centrifuge tube 
and subjected to centrifugation at 69,400 x g at 4°C for 60 
minutes to recover a supernatant. Then, polyethyleneglycol 
(PEG) 6,000 (made by Nakarai Kagaku Yakuhin Co.) in an amount 
corresponding to 10% by weight was added thereto, and the thus 
obtained mixture was gently mixed. The solution was placed on 
ice water, and after 10 hours, subjected to centrifugation at 
1,500 x g for 10 minutes to recover pellets. Then, 5 mi of 
TES buffer solution was added to gently redissolve the 
pellets, and 2.0 mi of 1.5 mg/mi ethidium bromide was added 
thereto. Cesium chloride was added and gently dissolved to 
adjust the density of the solution to 1.580. 

The solution was subjected to ultracentrifugation at 
105,000 x g at 18°C for 48 hours, and a band at a high density 
level at the lower position of the centrifuge tube detected 
under ultraviolet irradiation was withdrawn at the side of the 
centrifuge tube with a syringe to separate the pCE54 plasmid 
DNA. The.-thus obtained fraction was treated 5 times with an 
equal volume of an isopropyl alcohol solution (consisting of 
90% by volume isopropyl alcohol and 10% by volume TES buffer 
solution and containing cesium bromide at the saturated 
concentration) to remove ethidium bromide by extraction, and 
then dialyzed against TES buffer solution. 

(2) Cloning of a DNA fragment containing HD and HK genes: 

First, 6 units of Sail (made by Takara Shuzo Co.) 
was added to 60 ui of a reaction solution for restriction 
enzyme Sail (10 mM Tris-HCl, 6 raM MgCl2 and 200 mM NaCl, pH 
7.5) containing 3 ug of pCE54 plasmid DNA prepared above, and 
the mixture was subjected to reaction at 37 °C for 60 minutes, 
and then heated at 65°C for 10 minutes to stop the reaction. 



Separately, 4 units of Sail was added to 140 of 
the reaction solution for Sail containing 8 ug of chromosome 
DNA of Co rynebac te r i um glutamicum ATCC 31833, and the mixture 
was subjected to reaction at 37°C for 60 minutes, and then 
heated at 65°C for 10 minutes to stop the reaction. 

Both reaction mixtures were mixed, and 40 ul of a 
buffer solution for T4 ligase with a 10-fold concentration 
(660 mM Tris-HCl, 66 mM MgCl2, and 100 mM dithiothreitol, pH 
7.6), 40 \iSL of 5 mM ATP, 0.3 y£ of T4 ligase (1 unit/uA, made 
by Takara Shuzo Co.) and 120 u£ of purified water were added 
thereto. The mixture was subjected to reaction at 12°C for 16 
hours. 

The ligase reaction mixture was used to transform 
K53 strain derived from a lysozyme-sensitive mutant strain 
originating from Corynebacteriiim glutamicum ATCC 31833 [K53 
strain carries homoserine-requiring mutation (HD defect) and 
leucine-requiring mutation] . K53 strain was deposited as PERM 
P-8257 with the * Fermentation Research Institute (FRI) , Agency 
of Industrial Science and Technology on May 23, 1985 and 
transferred to the deposit under the Budapest Treaty as FERM 
BP-1052 on May 19, 1986. 

For the transformation, protoplasts prepared in the 
following manner were used. 

A seed culture of K53 strain was inoculated in NB 
medium and subjected to shaking culture at 30°C, and the cells 
were collected when OD reached 0,6. The cells were suspended 
in a solution (pH 7.6) containing 1 mg/m£ lysozyme in RCGP 
medium [5g of glucose, 5g of . casamino acid, 2.5g of yeast 
extract, 3.5g of K2HP04, l,5g of KH2PO4 , 0.41g of MgCl2*6H20, 
10 mg of FeS04-7H20 / 2 mg of MnSC>4 -4-6^0, 0.9 mg of 
ZnS04*7H20, 0.04 mg of (NE4 ) 6M07O2 4 • 4H20 , 30 )iq of biotin, 
2 mg of thiamine hydrochloride, 135g of disodium succinate, 
and 30g of polyvinylpyrrolidone (molecular weight: 10,000) in 
l£ of water] to make about 10$ cells/m£, and the suspension 
was transferred into an L-tube and subjected to gentle shaking 
culture at 30°C for 5 hours to make protoplasts. 
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Then, 0.5 ml of the protoplast suspension was taken 
into a small test tube, and subjected to centrifugation at 
2,500 x g for 5 minutes. The protoplasts were suspended again 
in 1 mil of TSMC buffer solution (10 mM MgCl2, 30 mM CaCl 2 , 
50 mM Tris-HCl, and 400 mM sucrose, pH 7.5), subjected to 
centrifugation, and then suspended in 0.1 ml of TSMC buffer 
solution. Then, 100 y£ of a 1:1 mixture of TSMC buffer 
solution at a two-fold concentration and the said ligase 
reaction solution was added to the cell suspension, and 0.8 ml 
of TSMC buffer solution containing 20% PEG 6,000 was added 
thereto. After 3 minutes, 2 ml of RCGP medium (pH 7.2) was 
added thereto, and the mixture was subjected to centrifugation 
at 2,500 x g for 5 minutes to remove the supernatant. The 
precipitated protoplasts were suspended in 1 ml of RCGP 
medium, and then 0.2 ml of the "suspension was spread onto RCGP 
agar medium (a medium containing 1.4% agar in RCGP medium, pH 
7.2) containing 300 yg/mJt kanamycin, and cultured at 30°C for 
7 days. 

Colonies- grown on- the agar medium were collected. 
The cells were centrifuged, washed twice with physiological 
saline solution, and then suspended in 1 ml of physiological 
saline solution. Then, the cell suspension was spread again 
on minimal agar medium Ml [a medium containing lOg of glucose, 
lg of NH4H2PO4, 0.2g of KC1, 0.2g of MgS04-7H 2 0, 10 mg of 
FeS04-7H20, 0.2 mg of MnS04« 4-6H2O, 0.9 mg of ZnS0 4 «7H20, 
0.4 mg of CuS04*5H 2 0, 0.09 mg of ^26407 -10^0, 0.04 mg of 
(NE4) 6M07O24-4H2O, 50 yg of biotin, 2.5 mg of p-aminobenzoic 
acid, 1 mg of thiamine hydrochloride, and 16g of agar in 11, 
and adjusted to pH 7.2] containing 50 yg/mi. leucine and 
20 ug/mA kanamycin, and cultured at 30 °C for 3 days, and 
trans formants having a homoserine non-requirement and a 
kanamycin resistance were selected. 

The transformants were cultured in NB medium, and 
plasmid DNAs were isolated from the cells by the same method 
as used for isolating pCE54 in said step (1) . 



0204326 



It was found as a result of analysis by digestion 
with various restriction enzymes and agarose gel 
electrophoresis that the plasmid obtained from one of the 
transformants and named "pChoml" was a plasmid wherein a Sail 
5 DNA fragment of 3,6 Kb was inserted at the single Sail 

cleavage site of pCE54. The Sail DNA fragment had two PstI 
cleavage sites and one EcoRI cleavage site at the positions 
shown in Fig, 1. 

The transformant of K53 strain selected by kanamycin 

10 resistance after retransf ormation with pChoml DNA in the same 
manner as above showed homoserine non-requirement at the same 
time, and the plasmid isolated therefrom had the same 
structure as that of pChoml. These results support that the 
HD gene of Corynebacterium glutamicum ATCC 31833 was cloned 

15 onto pChoml. 

The presence of HK gene on pChoml was confirmed in 
the following manner. 

Protoplasts of threonine-requiring, homoserine- 
producing, HK-deficient mutant strain K54 derived from 

20 Co rynebac te r i urn glutamicum ATCC 31833 and deposited as FERM P- 
8258 with the FRI on May 23, 1985 (transferred to the deposit 
under the Budapest Treaty as FERM BP-1053 on May 19, 1986) 
were transformed with pChoml DNA. 

The protoplasts of the strain were prepared from 

25 penicillin-treated cells in the following manner. 

First, 0.1 mil of a seed culture obtained using NB 
medium was inoculated in 10 m£ of SSM medium containing 
100 yg/m£ threonine, and subjected to shaking culture at 30°C. 
Penicillin G was added to a final concentration of 0.45 

30 unit/m£ when OD reached 0.15. Culturing was further 

continued, and when OD reached 0.6, the cells were collected 
and treated with lysozyme by the same method as used above for 
preparing the protoplast of K53 strain to make a protoplast. 
Transformation was also conducted in the same manner as above, 

35 and a transformant was selected on RCGP agar medium containing 
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300 yg/m£ kanamycin. The kanamycin-resistant transformant was 
threonine non-requiring at the same time. 

The transformant was subjected to shaking culture in 
400 ml of SSM medium, and penicillin G was added to make 0.5 
unit/mi when OD reached 0.2. Culturing was further continued 
till OD reached about 0.6 , and the cells were collected. The 
collected cells were subjected to lysis in the same manner as 
described in step (1) , and a plasmid was isolated from the 
lysate by cesium chloride-ethidium bromide density gradient 
centrifugation. As a result of analysis by agarose gel 
electrophoresis after digestion with various restriction 
enzymes, it was confirmed that the plasmid was the same as 
pChoml. 

It was found from the foregoing that the Sail DNA 
fragment of 3.6 Kb cloned on pChoml had both HD and HK genes. 

A cleavage map of the Sail fragment of 3.6 Kb cloned 
on pChoml for typical restriction enzymes is illustrated in 
Fig. 2. 

(3) Isolation of a mutant plasmid endowing a host 
microorganism with a high AHV resistance: 

K53 strain carrying pChoml was grown in NB medium 
containing 25 ug/mA kanamycin up to the late stage of 
logarithmic growth phase. Cells were centrifuged twice with 
50 mM Tris-maleic acid buffer solution (pH 6.0) , suspended in 
50 mM Tris-maleic acid buffer solution (pH 6.0) containing 
400 pg/mi N-methyL-N'-nitro-N-nitrosoguanidine, and treated at 
room temperature for 30 minutes. The treated cells were 
centrifuged and washed with the same buffer solution as used 
above twice. The cells were suspended in NB medium and 
subjected to shaking culture at 30°C for 2 hours. The 
cultured cells were centrifuged and washed twice with 
physiological saline solution, and suspended in physiological 
saline solution. The cell suspension was spread onto minimal 
agar medium Ml containing 20 ug/m£ kanamycin and 6 mg/ml AHV, 
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and cultured at 30°C for 3 days. One of the colonies formed 
was purified, and a plasmid was isolated from the cultured 
cells in the same manner as above. The plasmid was named 
pChomlO . 

5 Cultured cells of K53 strains containing pChoml and 

pChomlO, respectively, were centrifuged and washed with 
physiological saline solution, and the microorganisms in an 
amount corresponding to about 10^ cells were spread onto 
minimal agar media Ml containing 2 mg/m£, 4 mg/m£ and 6 mg/m£ 

10 AHV, respectively, to make comparison of the degree of AHV 
resistance between these two strains. As a result of 
culturing at 30°C for 3 days, the strain carrying pChoml grew 
on Ml agar medium containing 2 mg/m£ AHV, but failed to grow 
in the agar medium containing 4 rag/mJt AHV. On the other hand, 

15 the strain containing pChomlO grew even on Ml agar medium 
containing 6 mg/m£ AHV. 

As a result of cleavage analysis with various 
restriction enzymes, it was found that pChomlO had the same 
structure as that of pChoml, and also had a complementarity of 

20 threonine-requiring, HK-deficient mutant strain K54. 

(4) Production of threonine by the strain containing pChoml 
or pChomlO: 

Corynebacterium qlutamicum ATCC 31833, Coryne- 
25 bacterium herculis ATCC 13868, Brevibacterium lactofermentum 
ATCC 13869 and a lysine-producing strain Brevibacterium 
flavum ATCC 21475 [resistant to S- (2-aminoethyl) cysteine] 
were transformed with pChoml and pChomlO. Protoplasts were 
prepared in the same manner as in the preparation of the 
30 protoplasts of K54 strain in step (2) . That is, the 
protoplasts were prepared by treating the cells with 
penicillin G (0.45 unit/mi) in the course of culturing in SSM 
medium, and then by treating the cultured cells with lysozyme. 

The protoplasts were transformed with 1 ug of the 
35 plasmid DNA in the same manner as above, and kanamycin- 
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resistant transformants were selected on RCGP agar medium. 
The plasmids were isolated from the transformants in the same 
manner as in the isolation of the plasmid from the pChoml- 
transformed strain of K54 strain in step (2) , and it was 
confirmed by cleavage analysis with various restriction 
enzymes that each transf ormant carried pChoml or pChomlO. 

Threonine production tests on the transformants and 
their respective parent strains were carried out in the 
following manner. 

First , 0.5 m£ of a seed culture obtained by shaking 
culture in NB medium at 30°C for 16 hours was inoculated in a 
test tube containing 5 ml of a production medium [a medium 
containing lOOg of glucose, 20g of (NH 4 ) 2 S0 4r 0.5g of KH 2 P0 4 , 
0.5g of K 2 HP0 4 , lg of MgS0 4 -7H 2 0, 10 mg of FeS0 4 -7H 2 0, 10 mg 
of MnS0 4 -4-6H 2 0, 100 ug of biotin, and 20g of calcium 
carbonate in 15. of water, and adjusted to pH 7.2] , and 
subjected to shaking culture at 30°C for 72 hours. After the 
culturing, the culture filtrate was subjected to paper 
chromatography, and the amount of the produced L-threonine was 
determined by colorimetry using ninhydrin coloration after 
paper chromatography. The results are shown in Table 1. 
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Table 1 



Amount of the 





Strain 


threonine 


5 




produced (g/JE.) 


• 


Corvnebacterium qlutamicum ATCC31833 


0 




ATCC3 1833/pCnoml 


0.4 




ATCC3 18 3 3/pChomlO 


1.9 


10 


Corynebacterium herculis ATCC13868 


0 




ATCC138 68/pChoml 


0.6 




ATCC13868/pChomlO 


2.2 




Brevibacteriura lactof ermentum ATCC13869 


0 




ATCC13869/pChoml 


0.3 


15 


ATCC13869/pChoralO 


1.7 




Brevibacterium flavum ATCC21475 


0 




ATCC21475/pChoml 


0.4 




ATCC21475/pChomlO 


5.2 



20 

(5) Production of isoleucine by the strain containing pChoml 
or pChomlO: 

Cory nebac te r i urn qlutamicum FERM P-7160 (FERM BP-455) , 
Brevibacterium flavum ATCC 14067 and a lysine-producing strain 

25 Corvnebacterium qlutamicum FERM BP-158 were transformed in the 
same manner as in (4) above to obtain transformants carrying 
pChoml and pChomlO. It was confirmed in the same manner as 
above that the transformants had the plasmids. Isoleucine 
production tests on the parent strains and the transformants 

30 were carried out under the same conditions as in (4). The 
results are shown in Table 2. 



AO 
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Table 2 






Amount of the 


Strain 


isoleucine 




produced (g/i) 


Corynebacterium clutamicum FERM P-7160 


1.2 


FERM P-7160/pChoml 


2.6 


FERM P-7160/pChomlQ 


5.3 


Brevibacterium flavuin ATCC14067 


0 


" ATCC14067/pChoml 


0.6 


ATCC14 0 6 7/pChomlO 


3.7 


Corynebacterium qlutamicum FERM BP-158 


0 


FERM BP-158/pChoml 


0.9 


FERM BP-158/pChoml0 


4.8 



(6) Subcloning of HD and HK genes: 

The recombinant plasmid containing the fragment 

3 between the Smal cleavage site and the right cleavage site 

among the three PvuII cleavage sites illustrated in Fig. 2 as 
dark area was obtained in the following manner „ 

First, 3 units of EcoRI (product of Takara Shuzo 
Co.) was added to 20 \iSL of a reaction solution for EcoRI 

5 (100 mM Tris-HCl, 6 mM MgCl 2 , and 50 mM NaCI, pH 7.5) 

containing one \iq of pCE54 plasmid DNA, Reaction was carried 
out at 37 °G for 60 minutes and stopped -by heating at 70 °C for 
15 minutes. Deoxy ATP and deoxy TTP (0.05 mM each) were 
added , and then 3 units of Escherichia coli DNA polymerase I 

0 large fragment (product of Takara Shuzo Co.) was added. 

Reaction was carried out at 37 °C for 30 minutes and stopped by 
heating at 70°C for 15 minutes. 

Separately, 3 units of Smal (product of Takara Shuzo 
Co.) and one unit of PvuII (product of Takara Shuzo Co.) were 

15 added to 20 u& of a reaction solution for Smal (10 mM Tris- 
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HCl, 20 mM KC1, and 6 mM MgCl 2 , pH 7.5) containing 3 yg of 
pChoml plasmid DNA, and reaction was carried out at 37 °C for 
60 minutes. A DNA fragment of 2.6 Kb was obtained by 
fractionation and purification from the reaction product using 
5 the method described in Molecular Cloning (Cold Spring Harbor 
Laboratory, 1982) p. 164. That is, the reaction product was 
subjected to agarose gel electrophoresis to cut off a gel band 
of 2.6 Kb, and the gel band was subjected to electrophoresis 
in a dialysis membrane to extract the DNA fragment. Three- 

10 fold volume of ethanol was added to the extract. The mixture 
was cooled at -80°C for 10 minutes and a precipitate was 
recovered by centrif ugation. After evaporating ethanol in 
vacuo, the residue was dissolved in 20 \il of the reaction 
solution for EcoRI. 

15 Both reaction products were mixed, and 5 pi of a 

buffer solution for T4 ligase with a 10-fold concentration, 
5 pi of 5 mM ATP and one unit of T4 ligase (product of Takara 
Shuzo Co.) were added. Reaction was carried out at 12°C for 
16 hours. Protoplasts of K53 strain were prepared by the 

20 method described above and transformation was carried out 

using the ligase reaction product. A plasmid DNA was prepared 
from one of the kanamycin-resistant and homos erine-non- 
reguiring transformants by the method described above and was 
named pChom20. 

25 pChom20 was cleaved with PstI and analyzed by 

agarose .gel electrophoresis. As the result, it was confirmed 
that a region of 2.6 Kb containing a PstI fragment of 1.0 Kb 
of the inserted Sail fragment of 3.6 Kb of pChoml and 
illustrated in Fig. 1 was subcloned on pChom20. 

30 K53 strain and K54 strain were again transformed 

with pChom20. As a result of examination, it was confirmed 
that the plasmid DNA had the ability of complementing both HD 
and HK defects. 

Activities of HD and HK were measured by the method 

35 described in J. Biochem. 68, 311 (1970) and ibid. 71, 219 
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(1972). As the result, the HD activity of the transformant of 
K54 strain carrying pChom20 was 16 times that of K54 strain, 
and the HK activity of the transformant of K53 strain carrying 
pChom20 was 17 times that of K53 strain. These results are 
5 the same as in the case of the transformants carrying pChoml. 
From the foregoing, it was confirmed that HD and HK genes were 
present on the fragment of 2.6 Kb from Smal to PvuII. 

Three units of Hindlll (product of Takara Shuzo Co.) 
was added to 20 uSL of a reaction solution for Hindlll (10 mM 

10 Tris-HCl, 6 mM MgCl2, and 60 mM NaCl, pH 7.5) containing 1 ug 
of pChoml DNA. Reaction was carried out at 37°C for 60 
minutes and stopped by heating at 70°C for 15 minutes. Deoxy 
ATP, deoxy GTP, deoxy CTP and deoxy TTP (0.05 mM each) were 
added and 3 units of Escherichia coli DNA polymerase I large 

15 fragment (product of Takara Shiizo Co.) was added. Reaction 

was carried out at 37°C for 30 minutes and stopped by heating 
at 70°C for 15 minutes. One \il of 2M NaCl was added and 3 
units of Sail (product of Takara Shuzo Co.) was added. 
Reaction was carried out at 37 °C for one hour. The reaction 

20 product was subjected to agarose gel electrophoresis. A DNA 
fragment of 2.5 Kb was purified by the method described above 
and dissolved in 20 y£ of the reaction solution for Hindlll. 

Separately, 3 units of EcoRI was added to 20 \il of 
the reaction solution for EcoRI containing 1 ug of pCE54 

25 plasmid DNA. Reaction was carried out at 37 °C for 60 minutes 
and stopped by heating at 70°C for 15 minutes. Deoxy ATP and 
deoxy TTP (0.05 mM each) were added to the reaction product 
and further 3 units of Escherichia coli DNA polymerase I large 
fragment was added. Reaction was carried out at 37 °C for 30 

30 minutes and stopped by heating at 70 °C for 15 minutes. One ul 
of 2M NaCl was added to the reaction product and further 3 
units of Sail was added. Reaction was carried out at 37 °C for 
one hour and the reaction product was subjected to agarose gel 
electrophoresis. A fragment of 12.5 Kb was purified by the 

35 method described above and dissolved in 20 \il of the reaction 
solution for Hindlll. 
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Both solutions of DNA fragments were mixed/ and 5 nil 
of a buffer solution for T4 ligase with a 10-fold 
concentration, 5 u& of 5 mM ATP and 1 unit of T4 ligase were 
added. Reaction was carried out at 12°C for 16 hours, 
5 Protoplasts of K54 strain were prepared by the same method as 
mentioned above and transformation was carried out using the 
ligase reaction product, A plasmid DNA was prepared from one 
of the kanamycin-resistant and threonine-non-requiring 
transformants by the method mentioned above. It was confirmed 

10 by the analysis with restriction enzymes that the Hindlll-Sall 
fragment of 2.5 Kb in the Sail fragment of 3.6 Kb was 
subcloned in the plasmid DNA named pChom21. 

HD and HK activities of K54 strain carrying pChom20 
or pChom21 were measured by the method described in 

15 J. Biochem. 68 , 311 (1970) and ibid . 71, 219 (1972). As the 
result, it was found that the HD activity of pChora21-carrying 
strain was less than 1/15 of that of pChom20-carrying strain 
and the .HK activity was more than 5/6. 1 It was recognized from 
the fact that the region upstream from Hindlll cleavage site 

20 present in the region of 75 base pairs upstream from the 

initiation codon of HD is required for complete expression of 
HD. 

(7) Nucleotide sequence of the DNA fragment containing both 

25 HD and HK genes: 

Whole nucleotide sequence of the DNA fragment 
containing both HD and HK genes subcloned in pChoml and 
pChom20 was determined using the method described in Methods 
in Enzymology 10 1 , 20, 1983. That is, after a restriction 

30 cleavage map was prepared by a conventional method, a single 
stranded DNA was prepared by subcloning into M13 phage vector 
and the nucleotide sequence was determined by chain 
termination method using dideoxynucleotide. 

The result is illustrated in Table 3. Table 3 shows 

35 the nucleotide sequence of the Smal-PvuII DNA fragment 
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consisting of 2615 base pairs and the amino acid sequence 
corresponding to two open reading frames (from base No. 322 to 
base No. 1557 and from base No. 1571 to base No. 2497) present 
in the DNA fragment. These open reading frames correspond to 
HD and HK structural genes , respectively. 

ATCC 39019 strain containing pCE54 and ATCC 31833 strain have 
been deposited with the ATCC under the Budapest Treaty. 
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Table 3 



60 

CCC5GGTTGATATTA6ATTTCATAAATATACTAAAAATCTT6A6AGTTTTTCCGGTTGAA 

120 

AACTAAAAAGCTGGGAAGGTGAATCGAATTTCGGGGCTTTAAAGCAAAAATGAACAGCTT 

180 

GG7CTATAGTGGCTAGGTACCCTTTTTGTTTTGGACACATGTAGGGTGGCCGAAACAAAG 

240 

TAATAGGACAACAACGCTCGACCGCGATTATTTTTGGAGAATCATGACCTCAGCATCTGC 

300 

CCCAAGCTTTAACCCCGGCAAGGTCCCGGCTCAGCAGTCGGAATTGCCCTTTTAGGATTC 

360 

GGAACAGTCGGCACTGAGGTGATGCGTCTGATGACCGAGTACGGTGATGAACTTGCGCAC 

Me tArgLeuMetThrGl uTyrG 1 yAspG 1 uLeuA 1 aHi 3 

420 

CGCATTGGTGGCCCACTGGAGGTTCGTGGCATTGCTGTTTCTGATATCTCAAAGCCACGT 
Argil eGlyGl yProLeuG 1 uVa 1 ArgG lyl leAl a Va 1 SerAsp 1 1 eSerLysPr oArg 

480 

GAAGGCGTTGCACCTGAGCTGCTCACTGAGGACGCTTTTGCACTCATCGAGCGCGAGGAT 
GluGl y Va I A I aProG 1 uLeuLeuThrG 1 u AspA 1 aPheA laLeuI leG 1 uArgG 1 uAsp 



540 

GTTGACATCGTCGTTGAGGTTATCGGCGGCATTGAGTACCCACGTGAGGTAGTTCTCGCA 
ValAspIleValValGluVal 1 1 eGlyGlyl leGluTyrProArgGluValValLeuAla 

600 

GCTCTGAAGGCCGGCAAGTCTGTTGTTACCGCCAATAAGGCTCTTGTTGCAGATCACTCT 
Al aLeuLysA I aGl yLysSerVa ! Va I ThrA 1 aAsnLysAl aLeuVal A 1 aAspHisSer 

660 

GCTGAGCTTGCTGATGCAGCGGAAGCCGCAAACGTTGACCTGTACTTCGAGGCTGCTGTT 
A I aGl uL euAl a Asp A 1 a A 1 aG 1 <jA 1 a A 1 aAsn Va 1 AspLeuTyrPheG 1 uA 1 a A I aVa 1 

720 

GCAGGCGCAATTCCAGTGGTTGGCCCACTGCGTCGCTCCCTGGCTGGCGATCAGATCCAG 
AlaGlyAlall eProVa 1 Va 1 G 1 yProLeuAr gAr gSerLeuA 1 aG 1 yAspG Inl 1 eGln 

780 

TCTG7GATGGGCATCG7TAACGGCACCACCAACTTCATCTTGGACGCCATGGATTCCACC 
SerVa 1 MetGl y 1 1 eVa 1 AsnG 1 yThrThrAsnPhe 1 1 eLeuAspA 1 eMetAspSerThr 

840 

GGCGCTGACTATGCAGATTCTTTGGCTGAGGCAACTCGTTTGGGTTACGCCGAAGCTGAT 
G 1 yA 1 aAspTyr A 1 aAspSerLeuA 1 aG 1 uA 1 aThr ArgLeuG 1 yTyr A I aGluAl aAsp 

900 

CCAACTGCAGACGTCGAAGGCCATGACGCCGCATCCAAGGCTGCAATTTTGGCATCCATC 
ProThr A 1 aAsp Va lGluGlyHi sAspA 1 a A 1 aSerLysA 1 a A 1 a 1 1 eLeuA 1 aSer II e 
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960 

GCTTTCCACACCCGTGTTACCGCGGATGATGTGTACTGCGAAGGTATCAGCAACATCA6C 
A 1 aPheH i sThr Ar g Va 1 Thi-A 1 a Asp Asp Va 1 Ty rCy sG luGlyll eSer Asn 1 1 eSer 

1020 

GCTGCCGACATTGAGGCAGCACAGCAGGCAGGCCACACCATCAAGTTGTTGGCCATCTGT 
AlaAUAspIleGluAlaAlaGlnGlnAlaGlyHisThrlleLysLeuLeuAlalleCys 

- 1080 

GAGAAGTTCACCAACAAGGAAGGAAAGTCGGCTATTTCTGCTCGCGTGCACCCGACTCTA 
GluLysPheThrAsnLysGluGl yLysSerAl aH eSerAl sArgValHisProThrLeu 

iiao 

TTACCTGTGTCCCACCCACTGGCGTCGGTAAACAAGTCCTTTAATGCAATCTTTGTTGAA 
LeuProVa 1 SerHisProLeuAl aSerVa 1 AsnLysSerPheAsnAI a 1 1 ePheVa lGlu 

1200 

GCAGAAGCAGCTGGTCGCCTGATGtTCTACGGAAACGGTTGCAGGTGGCGCGCAAACGGT 
Al aGluAl aAl aGl yArgLeuMetPheTyrGl yAsnGl yCysArgTrpArgAl aAsnGly 

1260 

CTGCTGTGCTTGGCGACGTCGTTGGAGCCGCACGAAACAAGGTGCACGGTGGCCGCTGTC 
LeuLeuCysLeuA 1 aThr SerLeuG I uPr oH i sG 1 uThr Ar gCy sThrVa 1 A 1 a A 1 a Va 1 

1320 

CAGGTGAGTCCACCTACGCTAACCTGCCGATCGCTGATTTCGGTGAGACCACCACTCGTT 
* G 1 nVa 1 SerProProThrLeuThrCysAr-gSerLeuI 1 eSerVal ArgProProLeuVal 

1380 

ACCACCTCGACATGGATGTGGAAGATCGCGTGGGCGTTTTGGCTGAATTGGCTAGCCTGT 
ThrThr-SerThrTrpMetTrpLys I leAl aTrpA 1 aPheTrpLeuAsnTrpLeuA 1 aCys 

laaO 

TCTCTGAGCAAGGAATCTCCCTGCGTAACAATCCGACAGGAAGAGCGCGATGATGATGCA 
SerH.euSerLysGluSerProCysValThrI 1 eArgGlnGl uGl uAr-gAspAspAspAla 

1500 

CGTCTGATCGTTGTCACCCACTCTGCGCTGGAATCTGATCTTTCCCGCACCGTTGAACTG 
ArgLeu 1 1 e Va 1 Va 1 ThrH i sSer A 1 aLeuG 1 uSerAspLeuSer Ar gThrVa 1 G 1 uLeu 

1560 

CTGAAGGCTAAGCCTGTTGTTAAGGCAATCAACAGTGTGATCCGCCTCGAAAGGGACTAA 
LeuLysA 1 aLysPr o Va 1 Va I LysA 1 a 1 1 e AsriSer Va 1 1 1 eAr gLeuG 1 uArgAsp*** 

1620 

TTTTACTGACATGGCAATTGAACTGAACGTCGGTCGTAAGGTTACCGTCACGGTACCTGGA 
Me-tA 1 a II eo 1 uLeuAsn Va 1 G 1 yArgLysVa 1 ThrVa 1 ThrVa 1 ProG 1 y 

1680 

TCTTCTGCAAACCTCGGACCTGGCTTTGACACTTTAGGTTTGGCAC7GTCGATATACGAC 
SerSerAl aAsnLeuGl yProGl yPheAspThrLeuGl yLauAl aLe-jSerl 1 eTyrAsp 

liao 

ACTGTCGAAGTGGAAATTATTCCATCTGGCTTGGAAGTGGAAGTTTTTGGCGAAGGCCAA 
Thr Va 1 6 1 uVa I Glul 1 el 1 eProSerG 1 y L=uG 1 u Va 1 G 1 uVa 1 PheG lyGluGIyGln 

1800 

GGAGAAGTCCCTCTTGATGGCTCCCACCTGGTGGTTAAAGCTATTCGTGCTGGCCTGAAG 
GlyGl u Va 1 Pr oLeuAspG 1 y SerH i sLeuVa 1 Va 1 Ly a A 1 a II eArgA 1 aG 1 yL suL ys 
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Table 3 (Cont'd) 



I860 

GCAGCT6ACGCT6AA6T6CCTGGATTGCGAGTGGTGTGCCACAACAACATTCCGCAGTCT 
A 1 a A 1 aAspA 1 aG 1 uVa I Pr oG 1 yLeuAr gVa 1 Va 1 CysH i sAsn Asn 1 1 eProG 1 nSer 

1920 

CGTGGTCTTGGTTCCTCTGCTGCAGCGGCGGTTGCTGGTGTTGCAGCAGCTAATGGTTTG 
Ar gG 1 yLeuG 1 ySerSer Al a A I aA 1 a A 1 aVa 1 A 1 aG 1 y Va 1 A 1 aA 1 a A 1 a AanG 1 yLeu 

1980 

GCGGATTTTCCGCTGACTCAAGAGCAGATTGTTCAGTTGTCCTCTGCCTTTGAAGGCCAC 
A 1 a AspPheProLeuThrG 1 nG 1 uG 1 n 1 1 eVa IGlnL euSerSer A 1 aPheG 1 uG 1 yH i s 

2040 * 

CCAGATAATGCTGCGGCTTCTGTGCTGGGCGGACGAGTG6TGTCGTGGACAAATCTGTCT 
ProAspAsn A 1 aA 1 aA 1 aSer Va 1 LeuG 1 yG 1 y Ar gVa I Va 1 Ser TrpThr AsnLeuSer 

2100 

ATCGACGGCAAGAGCCAGCCACAGTATGCTGCTGTACCACTTGAGGTGCAGGATAATATT 
1 1 eAspG 1 yLy sSerG 1 nPr oG J nTyr A 1 aA 1 a Va ] ProLeuG 1 uVa 1 G 1 n AspAsn 1 1 e 

2160 . 

CGTGCGACTGCGCTGGTTCCTAATT.TCCACGCATCCACCGAAGCTG7GCGCCGAGTCCTT 
Ar gA 1 aThr A 1 aLeuVa 1 ProAsnPheHi sA 1 aSer-ThrG 1 uA 1 aVa 1 ArgArgVa 1 Leu 

2220 

CCAACTGAAGTCACTCACATCGATGCGCGATTCAACGTGTCCCGCGTTGGGGTGATGATC 
ProThrG 1 uVa 1 ThrH i e II e AspA 1 a Ar gPheAsnVa 1 Ser Arg Va 1 A 1 a Va 1 Me 1 1 1 e 

2280 

GTTGCATTGCAGCAGCGTCCTGATCTGCTGTGGGA6GGTACTCGTGACCGACTGCACCA6 
Va 1 A 1 aLeuG 1 nG 1 n Ar gPr oAspLeuLeuTrpG 1 uG 1 yThr Ar gAspAr gL euH i sG 1 n 

2340 

CCTTATCGTGCAGAAGTGTTGCCCGTTACCTCCGAATGGGTAAACCGTCTGCGCAACCGT 
Pr oTyr Ar gA 1 aG 1 uVa 1 LeuPr oVa I ThrSerG 1 uTrpVa 1 Asn ArgLeuAr gAsnArg 

2400 

GGCTATGCAGCGTACCTTTCCGGTGCCGGCCCAACCGCCATGGTGCTGTCCACTGAGCCA 
G 1 y TyrA 1 aA 1 alyrLeuSerG 1 yA I aGl yPr oThr Al aMetVa 1 LeuSerThrG 1 uPro - 

2460 

ATTCCAGACAAGGTTTTGGAAGATGCTCGTGAGTCTGGCATTAAGGTGCTTGAGCTTGAG 
1 1 eProAspLy s Va 1 LeuGl uAspA 1 aArgG 1 uSerG 1 y 1 1 eLya Va 1 LeuG 1 uLeuG 1 u 

2320 

GTTGCGGGACCAGTCAAGGTTGAAGTTAACCAACCTTAGGCCCAACAAGGAAGCCCCCTT 
Va 1 A 1 aG 1 y Pr o Va 1 LysVa 1 G 1 uVa 1 AsnG I n?ro^*H 

2580 

CGAATCAAGAAGGGGGCCTTATTAGTGAGCAATTATTCGCTGAACACGTGAACCTTACA 



GGTGCCCGGCGCGTTGAGTGGTTTAGTTCCAGCTG 
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As illustrated in Table 4, similar base sequences 
exist in the region of 120 base pairs upstream from the 
initiation codon of the open reading frame of HD gene and that 
upstream from the initiation codon of the open reading frame 
5 of HK gene (the Oterminal region of the open reading frame of 
HD gene). These sequences are required for the expression of 
both genes. Further, as indicated with the underline in Table 
5, a potential stem and loop structure is detected within 60 
base pairs downstream from the termination codon of the open 

10 reading frame of HK gene, and is considered as the 

transcription termination signal of the bacteria belonging to 
the genus Corynebacterium or Brevibacterium . 

In Table 4, the similar sequences of HD and HK are 
illustrated. The underlined parts are common in both 

15 sequences, Amino acid sequence from the initiation codon to 

the fifth residue is illustrated under the DNA sequences. Stp 
upstream from the HK initiation codon shows the termination 
codon of HD. 

Table 5 shows the DNA sequence of the C-terminal 
20 region of HK gene and the region downstream therefrom. 
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Table 4 

Hindi 
I 

HD : CGATTATTTTTGGAfiAAl£Al£A.CClCAGCAT£l££CCCAA£CTTlAi 
CCLCRGCAAGGTCCCGGC 

HK : TCACCCACTCTGCGCTGEAAl£mT£lTTCCCGCACCGTTGAA£l£il 
TGAlfi.GClAiGC£.T£TTG 

!£AGJIA£ICGfiMTT£LLCTTTTAS£ATTCGGAACAGTCGGCA£lfiAG 

GTGATGCGTCTGATGACC 
MetArgLeuSletThr' 

TTAAGG CA Al£AA£A£lGT£iJ CCE&.T C G AAAMG ACT AATTTTA£1£A 

CATGGCAATTGAACTG StP 
MetAlal leGluLeu 

Table 5 

GTTAACCAACCTTAGGCCCAACAAGG AARrrrrrTTrG AATCAA fiAARRRKRr rTT 
ValAsnGlnProStp 

ATTAGTGAGCAA • 
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What is Claimed is; 

1. A process for producing L- threonine or L-isoleucine, 
which comprises culturing in a medium a microorganism 
belonging to the genus Corynebacterium or Brev ibacte r ium and 
containing a recombinant DNA of a DNA fragment carrying 
genetic information responsible for the synthesis of 
homoserine dehydrogenase and homoserine kinase of a 
microorganism belonging to the genus Corynebacte r ium or 

B r e v ibacte r i um and a vector DNA, accumulating L- threonine or 
L-isoleucine in the culture broth, and recovering L-threonine 
or L-isoleucine therefrom, 

2. A process according to Claim 1, wherein the vector 
is replicable in a microorganism belonging to the genus 
Corvnebac te r ium or Brevibacterium and selected from pCGl, 
pCG2, pCG4, pCGll, pCESl, pCE52, pCE53 r pCE54, pCBlOl and 
plasmids derived therefrom. 

3. A recombinant DNA which contains a DNA fragment 
carrying genetic information responsible for the synthesis of 
homoserine dehydrogenase and homoserine kinase originating 
from a microorganism belonging to the genus Corynebacterium or 
Brevibacterium and capable of endowing a host microorganism 
belonging to the genus Corynebacterium or Brevibacterium with 
a resistance to an analog of threonine or isoleucine. 

4. A microorganism belonging to the genus 
Corynebacterium or Brevibacterium and containing a recombinant 
DNA of a DNA fragment carrying genetic information responsible 
for the synthesis of homoserine dehydrogenase and homoserine 
kinase originating from a microorganism belonging to the genus 
Co r vne b ac t e r i um or Brevibacterium and a vector DNA. 
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5. A DNA coding for the amino acid sequence of 
homoserine dehydrogenase as illustrated in Table 3. 

6. A DNA coding for the amino acid sequence of 
5 homoserine kinase as illustrated in Table 3. 

7. A process for producing L-threonine or L-isoleucine, 
which comprises introducing a recombinant DNA containing a DNA 
fragment carrying genetic information responsible for the 

10 synthesis of homoserine dehydrogenase and homoserine kinase of 
a microorganism belonging to the genus Corvnebacterium or 
Brevibacterium into a lysine-producing microorganism belonging 
to the genus Corvnebacterium or Brevibacterium , culturing the 
thus obtained transformant in a medium, accumulating L- 

15 threonine or L-isoleucine in the medium and recovering L- 
threonine or L-isoleucine therefrom. 

8. A DNA sequence necessary for expressing a foreign 
gene in a microorganism belonging to the genus Corvnebac te r ium 

20 or Brevibacterium , which contains 120 nucleotides sequence 

upstream from the initiation codon of the open reading frame 
coding for homoserine dehydrogenase or homoserine kinase or a 
part thereof and 60 nucleotides sequence downstream from the 
termination codon of the open reading frame coding for 

25 homoserine kinase or a part thereof in the DNA sequence 
illustrated in Table 3. 
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DECLARATION PURSUANT TO RULE 28, PARAGRAPH 4, 
OF THE EUROPEAN PATENT CONVENTION 



The applicant has informed the European Patent Office that, until the publication of 
the mention of the grant of the European patent or until the date on which the 
application has been refused or withdrawn or is deemed to be withdrawn, the 
availability of the micro-organism(s) identified below, referred to in paragraph 3 of 
Rule 28 of the European Patent Convention, shall be effected only by the issue of a 
sample to an expert. 



IDENTIFICATION OF THE MICRO-ORGANISMS 



Accession numbers of the deposits: ATTC 39019 

ATTC 31833 
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